Abstract: Present communication aims to discuss the impact of viscous dissipation on MHD flow, heat and mass transfer of Casson fluid over a plate by considering mixed convection. Nonlinear partial differential systems are reduced to the ordinary ones through transformation procedure. The modelled nonlinear systems are computed implementing RKF-45 scheme. Convergent solutions for velocity and temperature and concentration fields are given diagrammatically. The obtained results are compared with published literatures and reasonable agreement is found. It is found that, temperature profile increases by increasing values of Dufour parameter, whereas on opposite trend is observed in concentration profile for increasing values Soret parameter.
man blood is also an example of Casson fluid. The model of this fluid was first introduced by Casson [1] to anticipate the flow behavior of pigment-oil suspensions. Shehzad et al. [2] discussed the three dimensional MHD flow of Casson fluid in porous medium with heat generation. Khan et al. [3] investigated the comparative study of Casson fluid with homogeneous-heterogeneous reactions. Ramesh et al. [4] presented the radiation effect on hydromagnetic Casson fluid flow towards a stretched cylinder with suspension of liquid-particles. Seth et al. [5] investigated the hydromagnetic thin film flow of a Casson fluid in a nonDarcy porous medium with Joule dissipation. Keeping the aforesaid importance in mind, several researches have been reported considering this model (see [6] [7] [8] [9] ).
The viscous dissipation effect plays an important role in natural convection in various devices that are subjected to large deceleration, or which operate at high rotative speeds and also in strong gravitational field processes on large scales (on large planets) and geological process. Joule heating is also known as ohmic heating. It is a mechanism by which the passage of an electric current through a conductor produces heat. Joule heating has a variety of usage in industrial and technological processes such as electric stoves, electric heaters, incandescent light bulb, electric fuses, electronic cigarette, thermistor, food processing and several others. Chen [10] discussed the combined effects of Joule heating and viscous dissipation on magnetohydrodynamic flow past a permeable, stretching surface with free convection and radiative heat transfer. Chakraborty et al. [11] studied the thermal characteristics of EMHD flows in narrow channels with viscous dissipation and Joule heating under constant wall heat flux. Das et al. [12] presented the magnetohydrodynamic mixed convective slip flow over an inclined porous plate with viscous dissipation and Joule heating. Further recent investigations on Joule heating and viscous dissipation can be quoted through the studies [13] [14] [15] [16] .
In most of the above cited literature, linearized Rosseland approximation has been considered for radiation effect. This type of approximation involves the dimensionless parameters called Radiation parameter and Prandtl number which are sustainable if the temperature differ-ence between the plate and ambient fluid is small. But, for the larger temperature difference nonlinearized Rosseland approximation is valid. Mustafa et al. [17] discussed the influence of nonlinear thermal radiation in nanofluid flow over a vertical plate. Makinde and Animasaun [18] have employed homotopy analysis method to investigate the impact of nonlinear thermal radiation on magnetohydrodynamic bioconvection nanofluid flow. Some more recent studies on nonlinear thermal radiation effect for various fluids flow in distinct geometries can be seen in references [19] [20] [21] [22] .
The investigation regarding heat and mass transfer problems, the Soret and Dufour effects are ignored, on the basis that they are of a smaller order of magnitude than the effects described by Fourier's and Fick's laws. The heat flux induced by a concentration gradient is called Dufour effect or diffusion-thermo effect. These effects are considered as second order phenomena and are significant in areas such as hydrology, petrology, chemical reactors, drying processes, geosciences etc. Cheng [23] investigated the Soret and Dufour effects on free convection boundary layer over a vertical cylinder in a saturated porous medium. Bhattacharyya et al. [24] studied the Soret and Dufour effects on convective heat and mass transfer in stagnation point flow towards a shrinking surface. Seth et al. [25] analysed the Soret and Hall effects on unsteady MHD free convection flow of radiating and chemically reactive fluid past a moving vertical plate with ramped temperature in rotating system .Kataria and Patel [26] discussed the Soret and heat generation effects on MHD Casson fluid flow past an oscillating vertical plate embedded through porous medium. Seth et al. [27] discuss the hydromagnetic natural convection radiative flow of a viscoelastic nanofluid over a stretching sheet with Soret and Dufour effects. Seth et al. [28] investigated the natural convection flow in a non-Darcy medium with Soret and Dufour effects past an inclined stretching sheet. Kumar et al. [29] discuss the double diffusive MHD natural convection flow of Brinkman type nanofluid with diffusion thermo and chemical reaction. Kumar et al. [30] studied the cross diffusion effect on MHD mixed convection flow of nonlinear radiative heat and mass transfer of Casson fluid over a vertical plate.
In lookout of all the overhead mentioned applications, to the best of our perception no attention has been finalized for the study of MHD mixed convection flow of Casson fluid owing to stretching surface. Additionally, the properties of viscous dissipation, joule heating, Soret, Dufour effect and nonlinear radiation phenomena are incorporated. The graphical portrayal and tables are plotted and deliberated for the examination of varied somatic parameters by use of RKF-45 approach. Furthermore, the attained upshots are compared with former obtainable prose.
Mathematical Formulation
Consider a steady two dimensional laminar mixed convection flow of Casson liquid over a vertical stretching surface. The stretching velocity is assumed to be of the form uw (x) = b √ x where b is constant with b > 0. A constant magnetic field of strength B 0 is applied in the y-direction, here an induced magnetic field is negligible compared with the applied field. This condition is usually well satisfied in terrestrial applications, especially so in (low-velocity) free convection flows. Tw is the temperature of the sheet and Cw is the concentration at the surface of the sheet. The ambient temperature and concentration represented by T∞ and C∞. The buoyancy forces arise due to the variations in temperature and concentration of fluid. The boussinesq approximation is invoked for the fluid properties to relate the density changes to temperature and concentration and to couple in this way the temperature and concentration fields to the flow field. Under these assumptions, the governing boundary layer equations can be expressed as,
along with the relevant boundary conditions,
Using the Rosseland approximation for radiation, radiation heat flux qr is simplified as,
where σ * and k * are the Stefan-Boltzmann constant and the mean absorption coefficient respectively. In view to (6), equation (3) reduces to
The following similarity transformations are introduced to transform the partial differential equations (1-4) to ordinary ones,
where θw = Tw T∞ is the temperature ratio parameter and ψ is the stream function and is defined in the usual form as,
Reduced ordinary differential equations are as follows,
The transformed boundary conditions becomes,
Here λ is the mixed convection parameter and N is the buoyancy force parameter, which are given by λ = is Eckert number, The physical quantities of interest are the skin friction coefficient, local Nusselt number and the Sherwood number and are defined by,
Grx
where τw, qw and jw are the surface shear stress, heat flux and mass flux respectively andare given by;
Using similarity transformations we get;
and Sh(Rex)
Numerical method
The system of coupled extremely nonlinear ordinary differential equations (9)-(11) subject to the boundary conditions (12) are resolved numerically using RKF 45 technique. This method has been successfully used by the present author to resolve numerous problem associated with boundary layer flow and heat and mass transfer. During this method, the edge of the boundary layer has been chosen as η = 6 i.e. η → ∞ replaced by η = 6 that is sufficient to realize the far field boundary conditions for all values of the parameters considered. To verify the validity and accuracy of our present method, we have shown a comparison of our results for the values of the temperature gradient with those reported by Chen [31] .
Result and discussions
In the present-day interruption, we will scrutinize the properties of assorted parameters on the nonlinear ra- This Lorentz force is also increase and hence expedites the flow. Figure 3 explicates the impact of Casson parameter (β) for dimensionless velocity profile. It is revealed from this figure that, the velocity profile reduces with an en- hancing values of β. Physically, the higher values of Casson parameter reduce the yield stress in the fluid. Figure 4 represents the behaviour of mixed convection parameter (λ) on velocity distribution. It is observed that, the momentum boundary layer thickness increases for the higher values of λ. It is worth mentioning that λ = 0 and λ ̸ = 0 corresponds to the absence and presence of mixed convection parameter respectively. Also λ > 0 indicates that heat is convected from the surface to the fluid flow i.e. cooling of the surface or heating the fluid. Therefore, velocity of the fluid increases. The impact of buoyancy force parameter (N) for dimensionless velocity profile is presented in Figure 5 . It is clear that, the velocity profile and its associated boundary layer thickness increases by increasing values of N. Figure 6 deliberates the influence of radiation parameter (R) on temperature distribution. From this figure one cane inform that, the temperature profile and its corresponding boundary layer thickness raises for increment values of R. Generally, higher value of R produces additional heat to operating fluid that shows associate enhancement within the temperature field. Figure 7 examines the influence of temperature ratio parameter (θw) on temperature distribution. It is validated the fact that, an increasing values of θw improve the flow of the temperature profiles. This may happen because of increasing thermal conductivity of the flow. Figure 9 illustrates the changes that are seen in temperature profiles due to increase in the values of Prandtl number. It is clear from figure that, the temperature profile decays for enrich values of Pr, correspondingly thermal boundary layer thickness also reduces. This is because, Prandtl number related to the momentum diffusion and thermal diffusion in the bounder layer regime. The thermal boundary layer in the temperature distribution reduces by enhancing the values of Prandtl number. Hence, Prandtl number can be used to increase the speed of cooling in conducting flows. Figure 9 characterizes the effect of Dufour parameter (Df ) on dimensionless temperature. It is clear from the graphical behaviour that, temperature profile and associated boundary layer thickness rises rapidly for growing values of Df . Figure 10 displays that the concentration distribution for escalating values of Soret parameter (Sr). It is graphically displayed that the concentration profile is an increasing function of Soret parameter. Further, the solutal boundary layer thickness enhances for escalating values of Soret parameter. Figure 11 is sketched to exhibit the dependence of the Schmidt number (Sc) on concentration profile. One can see from this figure that, the higher values of Sc decays the concentration profile and its corresponding boundary layer thickness. Physically, Sc is the ratio of momentum diffusivity and mass diffusivity. Mass diffusivity increases with increase in Sc, consequently solutal boundary layer thickness decreases. The variation of the temperature profile for growing values of Eckert number (Ec) is graphically portrayed in Figure 12 . It is graphically displayed that the temperature profile is an increasing function of Ec. Further one can see that, the solutal boundary layer thickness increases by enhancing values of Ec.
For the physical importance of the problem, the skinfriction coefficient, local Nusselt number and local Sherwood number are tabulated against different parameter. This is shows in table 1. From this table it is noted that increasing values of D f , Pr, Sc, θw and β is to decreases the Sherwood number and increase the Nusselt number. The opposite effect can be found when increase the parameters M and Sr.
Conclusion
In the present paper, numerical computations are performed for an impact of Joule heating on MHD mixed convection flow of Casson fluid by considering cross diffusion effect. Moreover, the effects of nonlinear thermal radiation and viscous dissipation are also employed. The concluding remarks embodying present work are listed as:
• Larger values of λ and N enrich the velocity profile and its correspondence boundary layer thickness.
• Higher values of R and θw increases the rate of heat transfer as well as thermal boundary layer thickness. 
